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Chassis controls and functions (1)

Vehicle dynamics behavior is impact by numerous components

—
R «  Vehicle area
— N *  Coefficients

Vehicle Bodies

Masses

Dimension . . Wings, under-
Inertia Vehicle Dynamics e fons
Stiffness ‘ e
Vs
4_ _____ .
BUEEIEISUIKES Brake Control (ESC) ChaSS|S CcoO ntr0|
Axle Steering Control h
Sprin Suspension Control systems are the
Dp : Drivetrain Control
Staz-xrl:irlji:;r Engine Control aCtuatO ) Of ADAS/AD
Bushing v
\\

[y P
Steering System /4 \\ , Brake System
*  Rack R / \ *  Actuation
/ \ .
e Column / Hydraulic
Wheel *  Caliber
Power Unit Powertrain System * Disk
. *  Valves
. /. * Engine .
Tires & Wheels [ Clutch
. § 4 Transmission
©  Tire Driveline
*  Wheel

TPMS
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Chassis controls and functions (1)

Chassis control principle and systems

Control deviation

Reference
Input e(t)

@ Controller

S

w(t) -

Feedback loop

Actuating value
(calculated)

Actuator

Ym(t)

Actuating value d(t)

Control Path

Disturbance variable

Control value

Fahrer — Fahrzeug -

Umgebung y(t)

* Antilocking System (ABS)

* Traction Control (ASR)

* Electronic Stability Program (ESP)
* Steering Control (EPS)

* Roll Bar Control (ARS)
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longitudinal control
longitudinal control
lateral control
lateral control

Vertical / lateral control

A drive livinglab

Sensor b

Air Suspension Control ( —
Continuous Damper Control (CDC) —>
Electronic Differential (EDC) —

Torque Vectoring Control (TVC) —

Vertical control
Vertical control
Long/ lat control

Long/ lat control
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Chassis controls and functions (1)

Audi Talk — Chassis technologie from rigid axle to intelligent chassis
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Chassis controls and functions (1)

Hydraulik Brake system and brake control systems

Classification of braking systems

* Service brake system (BBA - Betriebsbremsanlage)
The service brake system must be operated in steps can and
usually consists of two brake circuits.

* Auxiliary braking system (HBA-Hilfsbremsanlage)
The deceleration achievable with the secondary braking system
must be at least half the size of the BBA.

* Parking brake system (FBA-Feststellbremsanlage)
The parking brake system must be able tocan maintain a slope of
20%.

e Continuous braking system (DBA -Dauerbremsanlage)
Continuous braking systems are wear-free brakes for longer
steady-state braking of commercial vehicles and buses.
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Chassis controls and functions (1)

External and internal force ratio of a brake system

: External force ratio
External force ratio

loxt =
Fp

Brake disk characteristics Wheel brake force

Fps le * Fep
C* = — 2 Fppn =Fp %0, ¥ C™
FSP FSP = BR P ext rdyn
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Chassis controls and functions (1)

ABS — Antiblockiersystem (Antilocking System)

Abbremsvorgang mit ABS
Fahrzeuggeschwindigkeit

Antiblockiersystem ABS

@ Hydroaggregat mit Anbausteuergerit

@ Raddrehzahlsensoren Radgeschwindigkei

Bremsdruck
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Chassis controls and functions (1)

Hydraulik Brake system and brake control systems

- =

Achsschenkel

https://www.youtube.com/watch?v=GHtOu 7abvs https://www.youtube.com/watch?v=CzEBVdZeyQs
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Chassis controls and functions (1)

Electronic Stability Program (ESP)

Critical manoeuvre with / without ESP

presn S HOW DOES

Vehicle approaches

Vehicle without ESP an obstacle
‘Il Venhicle approaches ) Vehicle threatens to
an obstacle " break away. ESP inter- STAB I LITY co NTRO I-
venes and restores full

7 Vehicle goes off course, steerability

enters oncoming traffic
lane and driver loses 1 Countersteer results in
control - threat of renewed

breakaway. ESP inter-
Footage courtesy of Bosch.

«{ Countersteering causes venes again
the vehicle to go into
a skid 7. Vehicle is stabilized
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Chassis controls and functions (1)

Electronic Stability Program (ESP)

— — e

e

- Steering Wheel Sensor Em_ —= ‘ -___;: ECU and Hydraulic Actuator -':?‘;"

e =29
= = -
\ r g.. --\".-‘

Sample “Added Value Functions”

—

Yaw Rate
Lateral Acceleration
Sensor ‘

Wheel Speed Sensor
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Chassis controls and functions (1)

Steering System

&

f17
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Chassis controls and functions (1)
Steering system — Electrical Power Steer (EPS) EPS apa (axle parallel)

B /=

Permanent AC Motor with
positioning sensor

Steering wheel

Cardanic joint

Power Assist Module Steering column

Moment and Angle
Sensor

ECU

Motor gear disc

Steering Rack

Track rod Gear belt

Pinion

Bolt circular gear box

»

Steer rack

Ball joint Bellows
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Chassis controls and functions (1)

Steering system — Electrical Power Steer (EPS)

EPS Column

/ Torsion bar and angle sensor

R —___ | Power Assist Motor
ap

\ S . EPS Dual Pinion
Steering wheel
ECU - Electronic Control Unit ‘ Non-contact Style

4 'y | Sensor with Hall IC Assist side

x Pinion gear
= “y Steering side / Mechatronics

Pinion gear integrated motor
Y \

-l \ — |\
, \gf j
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Chassis controls and functions (1)

Rack an pinion steering system

.....

https://www.youtube.com/watch?v=DC60px 3EUo
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Chassis controls and functions (1)

EPS Basic Functions

Steering R

Toraue > Boost Curve

Steering - Inertia

Speed Compensation

Steering | Yaw-/ Steering

Speed Damping >° Limit Assist
— imiter >

Steering _ 3

Angle > Active Return /

Steering 0

Torque »  Road Disturbance

Steering > Rack End Stop

Angle

330/09.06.20 A drive ivinglat Kempten University of Applied Sciences



Chassis controls and functions (1)

EPS functions and test maneuver for validation

v

— EPS EPS-Functions

\—v Basic
[

Test Maneuver (sample)

v

Boost Curve Slowly Increase Steer (20 — 160kph

Sine Sweep (0 — 120 kph)

v

Inertia Compensation

v

Yaw Damping Sine Sweep/Step Steer (0 — 120 kph)

v

Active Return Bending Curve

v

Road Disturbance Uneven Road /Single Events

Rack End Stop Steer at Standstill

v

—— > Enhanced Features

Torque Overlay Interface u-Split Test

v

Pull/Drift Compensation

v

Weave Test (40 — 120, 2,5 — 40°)

Parking Tests

v

Park Assistance

v

Active Nibble Compensation Road Shake Test (uneven/even)

v

Lane Assistance

Lane Keeping Tests
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Chassis controls and functions (1)

EPS functions and test maneuver for validation

N REE S Function Tests Performance Tests

High/Low Voltage

Controller stability in different
situations

Sensor signal cut / interrupt
Sensor offset / drift error
Sensor noise error

Sensor signal jump

Failure moment

CAN failure

Starting condition

Short cycle

Loose contact

Diagnostic messages
Interface and (lost) communication

332 /09.06.20

end stop control

high speed damp control
motor save function

on- center control

active friction controller
active return control

active inertia comp.

pull & drift control

active road slope control
side wind control

road disturbance rejection
active nibble compensation
active steering support (e.g. W split)
park assist functions...

A drive ivinglab

Power tests of steering support
Turn-in ability

On-center handling

Pull behavior

Drift behavior

Straight running precision
Steering wheel return ability
Torque cut off

Parking comfort

Slalom performance

Lane change performance
Nuerburgring test (Fuchsrohre)
Catch-up behavior

Starting behavior
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Chassis controls and functions (1)

Sample Function and Test: Catch-up during virtual vehicle test 2 Slalom

16 -
I

= E

W Z

E S

= o

2 g

= =

3 3

@

8 E3

< o

= kS

@ o

® 2

- w

Time [s] Time [s]
—— Measurement —— HIL Simulation IPGDriver HIL Simulation InputFromFile Me eme —— HIL Simulation IPGDriver —— HIL Simulation InputFromFile
Lateral Acc Mode: & Userparameterized Driver ¢ Racing Driver Steering Wheel Torque vs. Time
SiL Validation Phase lll - Com ~ X " SiL Validation Phase ll - Comparison Sialom 10x18m StrByAng
Standard Parametars I Traffic l Race Driver ] Misc. / Additional Parameters

lang. lateral
Tolerated Deviation [ 0.0 kmih | 00m
Reaction Time | 00s | 00s
Max. Steering Wheel Angle 630 deg
Mayx. Steering Wheel Yelocity 1200 degis
Max. Steering Wheel Accel. 4000 degls®
Additional Parameters
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Chassis controls and functions (1)

Sample Function and Test: Pull-Drift Compensation (PDC)

P MH, Compensation
o\ P

Qﬁ& Compensation
- MH, Initial - H, Initial
@__ (2) Control Steer (ﬁ) Free Steer
PULL
SWT = Steering wheel torque SWA = Steering wheel angle
* The driver has to pull steering torque to drive * The vehicle is drift off the center line. The
straight ahead vehicle response with a yaw rate
* This steering torque is measured and * The yaw rate is measured and a steering angle
automatically supported to reduce the drivers

support is applied to reduce the yaw rate to

effort zero.
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Chassis controls and functions (1)

On-Center Steering Behavior

SWT = Steering wheel torque SWA = Steering wheel angle
COMFORT SAFETY
* Subjective: Steering Effort Center Point * Subjective: Straight running behavior
* Objective: SWT / SWA Effort at YawRate =0 * Objective: YawRate Response at SWT =0
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Chassis controls and functions (1)

Steering On-Center Evaluation: On-Center Handling Test (ISO 13674)

wx External plot

gde(Ry09E (0@

T T T T T T T

3 b —
Criteria: Steering : \
Torque Build-up &
2+ | Turn-in Feeling ]
1+ _
E
Z
@
o 2 T ]
S| | criteria: Stiffness Criteria: Steerlng Effort
= at Center Point
L ~ Comfort Criteria il
il - _
al | —— Golf_GTD_weave_121906.erg | -
1 1 1 1 SW Angle [deg] b 1 I 1
-20 -15 -10 5 0 5 10 15 20
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wx External plot
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N
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Chassis controls and functions (1)

EPS Steering Model and related parameter

[ carMaker - Vehicle Data Set

Vehicle Data Set

Vehicle Body ‘ Bodies | Engine Mounl| Suspensions| Sleeﬂ'nu| Tires ‘ Bri

Steering Model: ¥/ Pfeffer with Power Steering
Steering Gear Ratio
Steering
Gear Ratio

Mode: ¥| Characteristic Value
Mechanical

Module

Rack travel to Steering pinion angle [rad/m] 100.0

Power Assist
Module

337 /09.06.20

mCarMaker - Vehicle Data Set - X

Vehicle Data Set

Vehicle Body ‘ Bodies | Engine Mcunll Suspensions | Steeﬂ'rlﬂ‘f Tires.‘ Brake‘ Powertrain ‘ Aerodynamics I Sensors| E »

Steering Model: | Pfeffer with Power Steering g
Steering Steering ColumnH Intermediate Shaft H Torsion BarH Steering Rack ‘ Misc. ‘
Gear Ratio
- Inertia of upper column [kgm?] 0.026 Friction torque max = 0.2 Nm
hanical -~
aniea Inertia of lower column [kgm?] 0.001
Stiffness [Nm/deg] 12.0 / /
Friction torque gradient [Nm/rad] 7000.0 Angi
Friction torque min/max [Nm] -0.2 0.2 /
Damping coefficient [Nms/rad] 0.06
. |
Damping torque min/max [Nm] 0.1 Friction torque min = -0.2 Nm
A Friction
— Hw‘v\i
- —— Element
< ) P
5~< '

Torsion Bar
Steering Rack

powered by

A drive livinglab

CarMaker - Vehicle Data Set

Vehicle Data Set

Vehicle Body | Eludies‘| Engine Mcunt| Suspensions ‘ steennu‘ Tires | Brake| P:

Steering Model: ¥/ Pfeffer with Power Steering

General Power Assistance Options
Power Assistance: g EPS to Rack

Steering
Gear Ratio

istance torque at ' Column € Pinion

Mechanical
Module Electrical Power Steering

Motor torque constant [NmJ/A]

Ratio electrical motor to tie rod [-]
Ratio recirculating ball system [m/rad]

Boost &| 2D Look-Up Table

Power Assist
Module

I Velocity | Torque | Current *
[km/h] [Nm] [A]
0.0 43 30.00
0.0 42 20.00
0.0 41 1510
00 -39 10.00
0.0 -35 510 ~|
Amplification [- 10 4

¥ Extensive model electrical power steering
Electrical motor

Inertia [kgm?]

Viscous friction coefficient [Nms]

Current controller

Proportional gain [-]

Integral gain [-]

powered by

e

0.3
25
0.0016

0.00015 :I

0.02

5.0

01 |+

File w» Close

| Aeroc

mics |

iz

Kempten University of Applied Sciences



Chassis controls and functions (1)

Lateral Control Function: Lane Keeping Assistance Systems

De
i T, brake
Tire Force Brake request Rele.vant
a,request | Object Object List
4  Tire/Wheel < Brake i
< Object - ) ) _ Radar picture
A ESCECU + | Control | et < Object Tracking [«
1
Powertrain [« Engine ! A Object RADAR
Tengine I I Detection
I request | [ S — DrivingTube |
—— e ——— — a1 | _ Identification |
e po—— ]
| | Vehicle |
Rack ) state
Posaifion Tsteering luotor Tsteding | Trajectory lane l VehicleState | Videoimage |
| r— y_ = Observer - I
< Steering - Steering Control Trajectory ‘ ] ) Image
M o 4 < CAM
Column/Rack [~ & ok - ECU | Argre/Torque cate - Planning | FEE Processing :
— —

-+ | H T Road Mark _ |
| Road Detection - ]
| Intervention mark

Tor: r l |
oxslonta Driver— Vehicle- Environment
* Tsteemg Whee! |
v
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Steering Wheel

+

Driver
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Object List e.g. polynomic coefficient ortable,

lane mark types, colors...

m Position
L

o
—

Vehicle Motion
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Chassis controls and functions (1)

Lateral Control Function: Lane Keeping Assistance Systems

Departur Desire  Departure
e d right

Departure Desired  Departure
left path right
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Chassis controls and functions (1)

LKAS driving maneuver catalogue for public road and proving ground

Road Catalogue & Maneuver Definition Vehicle Measurement

/// " Lo/ Q,f 7 _M'€ S * Free Ride Test Benchmark vehicles w/o bus
&7 S S STl L _ * Lane Change Test access:
e T - ==+ Transient Test *  Genesys ADMA IMU
= : *  Hands-Off Test at FSB *  Kistler Steering Measurement
'''''''' i —— ! *  Driver Feedback Test Wheel
==li=0 * Stationary Cornering as Drop and * System Status at Instruments
Performance Test Vehicles with bus access:
—12— 5.4 e ——8—— 12— 5.4 [T ——— 8 —— *  On-Center Handling Test *  CAN/FR Bus Signals
@©»" 3,1?:-5 o ‘ v * Step Steer Test e.g. Object List
T o v —— s VD
o 2 Legend

Driver intervention  LKAS intervention  Variation Procedure Step

M 1-4-5]

-
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Chassis controls and functions (1)

Accurate location of the vehicle in the lanes and vehicle motion evaluation

47.72

Conception of Objective Evaluation Criteria

_Vdepa;': —_—

A Agre _t — = e
47.7195 [— W ’ CLzeAlilizy - 7 e
s I (i — o — % Toas x.
— —— —
Tonin, max, mean
47.719 |— ﬂ‘ - (f;\:"’ "'V__:'E\
= —orrset f 0 g === ¢'penk
M-‘!Ml-szaﬂ
min, max, mean a o da
47 7185 [— R P22 |2
© LKAS vomex| d | [ dt
: P curvaturgrgte max peak m
—_—r o e - ——
: =~
n\y\ K e -
= | RS ; A
® ar.re Tikas curve time l"ygpenk’a}fpeak
5 max BYmax
®
-
CURVE-CUTTING-GRADIENT CURVE-CUTTING-GRADIENT
477175 [—
E! CCG =0.01507: d £ ! CCG =0.14872

... Driving behavior with active LKAS.
Drifting around the midline and

""" breaking through the right lane
47.716 [— boundary.
| ‘ ‘ l

Longitudinal [*]
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Chassis controls and functions (1)

All Wheel Steering System
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Chassis controls and functions (1)

All Wheel Steering System

Steering in the opposite direction of rear wheels to achiev Steering in the same direction of rear wheels to achiev stability
a small turning circle

All Wheel Steer Front Steer

Front Steer
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Chassis controls and functions (1)

All Wheel Steering System - Principle of Action
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Chassis controls and functions (1)

Active suspension control with CDC — Continuous Damping Control

Active Damper | Acceleration

AMSOrs
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Chassis controls and functions (1)

Active suspension control with CDC — Continuous Damping Control

Roll Bar / Stabilizer

Air Valve

- ECU

Air Volume

Rebound Spring

Air Suspension

Buffer

—
—

Electro mechanic Actuator

U= 1 e (I s
|

(o=

CDC System
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Chassis controls and functions (1)

Groundhook principle for longitudinal & lateral dynamics

k,

k,

Xin

It
§ I
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Chassis controls and functions (1)
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